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PHYSICAL VAPOR DEPOSITION OF 
TITANIUM NITRIDE ON A 

NONCONDUCTIVE SUBSTRATE 

This is a divisional of application Ser. No. 07/866,079 
?led Apr. 1, 1992, now US. Pat. No. 5,264,299 Which Was 
a continuation of application Ser. No. 07/490,856, ?led on 
Mar. 9, 1990, abandoned. 

FIELD OF THE INVENTION 

This invention relates to a process for physical vapor 
deposition of a refractory coating on a nonconductive sub 
strate and the product produced thereby. More particularly, 
this invention relates to a process for physical vapor depo 
sition of a titanium nitride coating on a ceramic substrate and 
the product produced thereby. 

DESCRIPTION OF THE RELATED ART 

Various methods of physically depositing a vaporiZed 
material on a substrate, such as a base metal, are Well knoWn. 
For example, a gaseous specie may be physically deposited 
on a metal substrate by evaporation, reactive evaporation, 
ion-plating, and sputtering. 
A typical ion-plating system for coating a substrate is 

described in US. Pat. No. 3,329,601. The system includes a 
vacuum chamber containing a metal source, an electron 
source such as a ?larnent and a substrate material supported 
Within a substrate holder biased negatively With respect to a 
plasma to be generated Within the chamber. In operation, the 
chamber is evacuated and then ?lled With an inert gaseous 
specie, such as argon. Electrons are then emitted by the 
?larnent and the metal source. Some of the electrons collide 
With neutral molecules in the plasma causing excitement and 
partial ioniZation of the gaseous species. This state of 
partially ioniZed and eXcited gaseous species along With free 
electrons is generally referred to as the plasma. The excited 
particles, upon returning to loWer energy states, also ernit 
photons and a visible gloW is observed surrounding the 
substrate. Under the in?uence of an applied electric ?eld, 
argon ions from the “gloW” region are accelerated and 
collide With the biased substrate, effectively cleaning the 
substrate surface of contaminants and raising the surface 
temperature of the substrate. Independent heating of the 
substrate may also be possible prior to ion bornbardrnent. 
Once the cleaning is completed, a coating rnetallic source, 
such as titaniurn, contained Within a crucible is heated by 
knoWn rneans causing evaporation of the coating material 
into the gloW discharge. The ioniZed metal is alloWed to 
react With a gaseous specie such as ioniZed nitrogen during 
the ion-plating process. The ion-plating process results in a 
uniform coating of a material such as titanium nitride, on the 
substrate. 

Titaniurn and/or titanium nitride coatings have been suc 
cessfully applied by physical vapor deposition to cernented 
carbides and tool steel substrates. Illustrative of various 
processes for physical vapor deposition of a coating on a 
cutting tool are US. Pat. Nos. 4,469,489; 4,406,669; 4,539, 
251 and 4,337,300. 

HoWever, because cerarnic substrates are inherently elec 
trically insulating, ion-plating of a titanium nitride coating 
on a ceramic substrate tends to build up an electrical charge 
on the substrate surface. The applied bias voltage betWeen 
the plasma and the ceramic substrate in?uences the adhesive 
qualities of the titanium nitride coating. Ineffective voltage 
biasing due to electrical charge buildup results in ?aking of 
the coating from the ceramic substrate thereby producing a 
less than satisfactory coated cerarnic. 
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2 
To overcome the aforementioned problems, We have 

invented a novel process for physical vapor deposition of a 
refractory coating on a nonconductive substrate. More 
particularly, the present invention utiliZes the ion-plating 
physical vapor deposition process for coating with titanium 
nitride any suitable nonconductive substrate such as a sub 
strate made of a ceramic material and the like. Any suitable 
cerarnic substrate such as a salon (Si—Al—ON) based 
cerarnic substrate or Si3N4 based cerarnic substrate or A1203 
based cerarnic substrate including Ac2O3 cornposites 
alloyed With or Without additions of Zirconia and/or other 
hard materials such as Silicon Carbide Whiskers may be 
coated by the present invention. The present invention 
provides a process for depositing a titanium nitride coating 
on the nonconductive substrate by overcoming the ineffec 
tiveness of the applied bias voltage betWeen the plasma and 
the insulating substrate. 

Accordingly, an object of the present invention is to 
provide a coating With an improved adhesion strength to a 
tool or article by a-physical vapor deposition process, such 
as ion-plating. 
Another object of the present invention is to provide a 

coated article or tool having high Wear resistance, heat 
resistance and corrosion resistance. 

Yet another object of the present invention is to provide 
cutting tools, Wear resisting tools, Wear parts and decorative 
articles With an improved Wear resistance, heat resistance 
and corrosion resistance. 

SUMMARY OF THE INVENTION 

Brie?y, according to this invention, there is provided a 
process of physical vapor deposition of a refractory coating, 
preferably a titanium nitride coating on a nonconductive 
substrate such as a ceramic substrate. The process involves 
cleaning the nonconductive substrate surfaces and then 
depositing by physical vapor deposition a ?rst layer of a 
refractory metal such as titanium and then depositing a 
second layer of a refractory metal compound such as tita 
niurn nitride to produce a coated nonconductive substrate 
having enhanced coating adhesion. 
The ?rst layer increases the electrical conductivity of the 

nonconductive substrate such that electrical biasing in the 
ion-plating process becomes effective. An ion-plated tita 
niurn nitride coating on a ceramic substrate, such as a 
ceramic insert cutting tool, has been found to reduce ?ank 
Wear, reduce the coef?cient of friction betWeen the cutting 
tool and a Workpiece such as cast iron or nickel-based 
superalloy in the instance of Si—Al—ON based cerarnic 
substrates or carbon and high temperature steels in the 
instance of A1203 based cerarnic substrates, resulting in 
reduced frictional forces, and because of the chemical sta 
bility of titanium nitride, act as a diffusion barrier betWeen 
the insert cutting tool and the Workpiece thereby reducing 
tool catering, ?ank Wear and nothing problerns. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Further features and other objects and advantages of this 
invention will become clear from the folloWing detailed 
description made with reference to the draWings in Which: 

FIG. 1 is a perspective vieW of a Keno style insert; and 
FIG. 2 is a perspective vieW of a Kenned style insert. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Although the present invention is described in reference 
to an ion-plating physical vapor deposition process for 
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coating a nonconductive ceramic substrate, the present 
invention may also be used to coat most any suitable 
nonconductive substrate. The nonconductive substrate is 
coated by cleaning the nonconductive substrate surface and 
then depositing a ?rst layer of titanium on the cleaned 
substrate surface. A second layer of titanium nitride is then 
deposited upon the ?rst layer to produce a coated substrate 
having an outer layer coating exhibiting enhanced adhesion 
properties. 

In an ion-plating physical vapor deposition process, the 
nonconductive substrate acts as an electrical insulator as 
opposed to being electrically conductive, thereby causing an 
electrical charge to build up on the substrate surface. The 
buildup of the electrical charge effectively decreases the 
applied bias on the substrate, Which in turn results in a poor 
adhesive quality of a titanium nitride coating to a noncon 
ductive substrate. 

It Will be appreciated that the physical vapor deposition 
process of the present invention may also include 
evaporation, reactive evaporation, ion-plating, sputtering, 
and magnetos sputtering and is not limited to ion-plating. 
HoWever, in a preferred embodiment, the titanium nitride 
layer is deposited by ion-plating Wherein the material to be 
vapor-deposited is energiZed as positive ions by applying a 
negative accelerating voltage to the substrate. As used 
herein, ion-plating is the process occurring at the substrate 
and is effectively independent of the method used to gen 
erate the ions Which combine to form the coating compound. 
For example, a variety of methods to produce metallic ions 
may be used for ion plating, such as thermal evaporative 
ion-plating, sputter ion-plating or arc evaporative ion 
plating and the like. 

The present invention is applicable in the production of a 
coated article such as a cutting tool insert having a noncon 
ductive ceramic insert substrate. The cutting tool insert may 
be made by conventional ceramic poWder processing tech 
niques and densi?ed by either hot pressing or pressure less 
sintering. The ceramic insert substrate may include 
Si—Al—ON based-ceramic cutting inserts, Ac2O3 based 
ceramic cutting inserts and other articles such as but not 
limited to that marketed by Kennametal Inc. under the 
designations KYON 2000, KYON 3000 and K090. KYON 
and K090 are registered trademarks of Kennametal Inc. for 
ceramic materials and Wear resisting pieces in the form of 
cutting tool inserts and for Wear resisting pieces consisting 
of hard ceramic material in the form of cutting tool inserts 
namely, inserts for use in dies and tools for cutting, shaping 
or forming materials; respectively. 

The Si—Al—ON grade cutting inserts may be either 
beta-prime Si—Al—ON, alpha-prime Si—Al—ON, or mix 
tures thereof, and may also contain a glassy phase ranging 
from Zero to 10 percent by Weight. Kyon 3000 is a beta 
prime Si—Al—ON expressed by the chemical formula 
Si6_ZAlZOZN8_Z Wherein Z has a value greater than 0 but less 
than 4.2. For a description of a beta-prime Si—Al—ON 
material reference is made to US. Pat. No. 4,127,416, Which 
is incorporated herein by reference. KYON 2000 is an 
alpha-prime beta-prime Si—Al—ON. Alpha-prime 
Si—Al—ON is expressed by the chemical formula Mx(Si, 
Al)12(O,N)16 Wherein x is larger than 0 but not more than 2 
and M is at least one selected from the group consisting of 
Li, Na, Ca, Mg, Y, and any rare earth element. For a 
complete description of mixed alpha-prime beta-prime 
Si—Al—ON compositions useful for cutting tool inserts, 
reference is made to US. Pat. Nos. 4,563,433 and 4,547,470, 
Which are incorporated herein by reference. 
Among the various Ac2O3 based ceramic cutting inserts 

contemplated by the present invention are cutting inserts 
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4 
having an A1203 microstructure in Which SiC and/or refrac 
tory metal (titanium, hafnium, vanadium, tantalum, 
Zirconium, and niobium) compounds (oxides, nitrides, car 
bides and carbonitrides) such as preferably TiC and/ or ZrO2 
particles and/or SiC or TiC Whiskers dispersed therein. As 
disclosed in Mehrotra et al. US. Pat. No. 4,959,332 and 
assigned to Kennametal Inc., the alumina based ceramic 
cutting inserts may be provided With about 1.5 to 12.5 v/o 
(volume percent) silicon carbide Whiskers and about 7.5 to 
17.5 v/o Zirconia dispersed in an alumina based matrix. Yet 
another A1203 based ceramic cutting insert is described in 
Mehrotra et al. US. Pat. Nos. 4,959,331 and 4,965,231 
assigned to Kennametal Inc., the A1203 based cutting inserts 
may contain about 1.5 to 17.5 v/o silicon carbide Whiskers, 
about 5 to 17.5 v/o Zirconia, the residue of a magnesium 
oxide or other magnesium-oxygen compound addition, and 
at least 4 v/o tetragonal Zirconia. Still another A1203 based 
cutting insert is described in Mehrotra et al. US. Pat. No. 
4,960,735 assigned to Kennametal Inc. The A1203 based 
cutting insert described in US. Pat. No. 4,960,735 may 
include 1.5 to 37.5 v/o silicon carbide Whiskers, about 5 to 
17.5 v/o Zirconia, the residue of a magnesium oxide or other 
magnesium-oxygen compound addition, and at least 2 v/o 
tetragonal Zirconia. Silicon carbide Whiskers (SiCW) are 
discontinuous, single crystal Silicon carbide (SiC) ?bers and 
are Well knoWn in the art. The silicon carbide Whiskers 
utiliZed may be of any commercially available brand Which 
have been used in the past in the alumina based cutting 
inserts. It Will be appreciated that a layer of TiN over a 
Al2O3—SiC Whisker reinforced composite may provide a 
chemically inert barrier to prevent reaction of the SiC 
Whiskers With a steel Workpiece. 

For an example of a ceramic composition including an 
alumina matrix having titanium carbide (TiC) Whiskers 
dispersed therein reference is made to US. Pat. No. 4,852, 
999 assigned to Kennametal Inc. 

US. Pat. No. 4,852,999 and US. Pat. Nos. 4,959,332; 
4,959,331; 4,965,231 and 4,960,735 assigned to Kennametal 
Inc. are incorporated herein by reference. 

Apreferred composition of an A1203 based ceramic insert 
may contain about 5—10 v/o Zirconia With or Without sin 
tering aid additions, particles and/or Whiskers of refractory 
metal compounds and/or SiC Whiskers. 
The A1203 based ceramic inserts are prepared by grinding 

the insert surfaces to a ?ne ?nish. A die penetrant of a type 
Well knoWn in the art may then be applied to the insert to 
assist in the visual evaluation of the grinding ?nish and 
check for grinding cracks. The die penetrant is preferably 
removed by ultrasonic cleaning for approximately one hour 
in a soap and Warm Water mixture of about 56 degrees 
centigrade. The insert is then baked in an air ?red oven of a 
type typically used in drying operations to thoroughly 
evaporate the cleaning mixture. It Will be appreciated that 
the use of the die penetrant and the cleaning procedure used 
to remove the die penetrant from the insert may be omitted 
and has no effect on the present invention. 

Applicants have found that, by initially thoroughly clean 
ing the substrate surface under vacuum by heating and ion 
etching the substrate for a sufficient length of time to present 
a surface free of contaminants and then depositing a ?rst 
layer of titanium on the nonconductive substrate, the afore 
mentioned problems associated With electrical conductivity 
are overcome. 

Aceramic substrate is placed Within a chamber, evacuated 
and then ?lled With an inert gas, such as argon. The inert gas 
is partially ioniZed and excited in the plasma as previously 
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described. The ceramic substrate is then cleaned by heating 
and ion-etching. The ceramic substrate may be heated by 
any suitable means known in the art, such as electron 
bombardment. In electron bombardment, a positive potential 
is placed on the substrate Within the chamber to attract 
electrons from the gaseous plasma. Under a vacuum of 
approximately 10'3 torr, the substrate is heated by the 
electrons striking the substrate surface thereby removing 
various oxides from the substrate surface. The Si—Al—ON 
based substrate and the A1203 based substrate are preferably 
heated to at least a temperature of approximately 400° C. It 
should be noted that although there is also a charge buildup 
during electron bombardment, the electron current density 
betWeen the substrate and plasma is high enough to over 
come this buildup and thus alloW surface heating by electron 
bombardment. The substrate is then subjected to ion-etching 
Wherein the polarity of the substrate is reversed to a negative 
potential to attract heavy argon ions typically used for 
ion-etching from the-gaseous plasma to the substrate to 
further remove surface contaminants such as grease, dust 
and the like. Applicants have found, depending upon 
temperature, surface area of the insert to be cleaned, and 
degree of contamination, a ceramic substrate may be cleaned 
in a vacuum after a period ranging from approximately four 
hours to six hours. For example, the higher the heating 
temperature the shorter the period of cleaning required to 
achieve a substrate substantially free of contaminants. 
A ?rst layer of titanium is then evaporated and deposited 

over the cleaned ceramic substrate. The titanium is evapo 
rated and deposited for approximately ten minutes by any 
knoWn suitable means such as resistance heating, electron 
bombardment, or radio-frequency inductive heating. The 
deposited titanium layer increases the electrical conductivity 
of the ceramic substrate surface at the deposition tempera 
ture such that electrical biasing during the physical vapor 
deposition process becomes effective. 
A second layer of titanium nitride is then deposited upon 

the ?rst layer. The second layer of titanium nitride is 
deposited by introducing nitrogen gas into the vacuum 
chamber to react With the titanium present to form titanium 
nitride. The negative bias of the titanium coated substrate 
causes a resultant gloW discharge to increase the kinetic 
energy of the depositing titanium nitride material thereby 
resulting in the deposition of a coating of titanium nitride of 
variable thickness. As a result of the present invention, 
excellent coating adhesion and dense coating structures may 
be obtained for a ceramic substrate. 

The invention Will be further clari?ed by a consideration 
of the folloWing examples. Several indexable metal cutting 
inserts in Kennametal Si—Al—ON grades and Kennametal 
A1203 grades of both Keno and Kenned styles as shoWn in 
FIG. 1 and FIG. 2, respectively; Were coated With titanium 
nitride. As shoWn in FIGS. 1 and 2 each metal cutting insert 
10 has a ?ank face 12, a rake face 14 and a cutting edge 16 
at the juncture of the ?ank face and the rake face. Passing 
through the rake face of the Keno style insert shoWn in FIG. 
1 is an opening 18. Keno and Kenned are registered trade 
marks of Kennametal Inc. for cutting tools having an index 
able cutting insert and for carbide cutting tools, respectively. 

The ceramic substrates Were coated in a BalZers BAI 830 
physical vapor deposition system having a vertically mov 
able crucible. The ceramic substrates Were heated under a 
vacuum of approximately 10-3 torr for a period ranging from 
approximately three hours to six hours. Titanium Was then 
deposited on the cleaned ceramic substrates. Titanium 
nitride Was then deposited on the titanium coating. Next, 
titanium nitride coating thickness and adhesion Were evalu 
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6 
ated on the ?ank faces of the inserts. The coating thickness 
and degree of adhesion using the present invention Were 
similar to that found in physical vapor deposition titanium 
nitride coated cemented carbide substrates. 

EXAMPLE 1 

Several ceramic metal cutting inserts, styles SNGA-433 
composed of Kyon 2000 and Kyon 3000 Were individually 
heated in separate test runs for approximately 4 hours to a 
temperature of approximately 400° C. folloWed by 1/2 hour of 
ion etching at a pressure of approximately 10-3 torr in a 
BalZers BAI 830 system. An initial layer of titanium Was 
then coated to the insert surface by applying an arc current 
of approximately 125 amps for a period of approximately 
?ve minutes to the titanium Within the crucible as the 
crucible moved vertically Within the vacuum chamber and 
then increasing and maintaining the arc current to approxi 
mately 200 amps for approximately ?ve minutes. Nitrogen 
gas Was then introduced into the system for about 80 minutes 
to form a titanium nitride coating on the insert surface. 

Although the thickness of the titanium layer Was too thin 
for optical microscopic measurement, the presence of the 
titanium layer Was observed by a transmission electron 
microscope. The titanium nitride coating thickness Was 
determined by the ball Wear scar thickness test as set forth 
in Proc. 9th Int. Conf. on CVD, Electrochemical Society, 
Pennington, N.J., 1984, P. K. Mehrotra, D. T. Quinto and G. 
J. Wolfe, P. 757, Which is incorporated herein by reference. 
The titanium nitride coating thickness Was measured to be 
approximately 2—3 micrometers on the ?ank faces. The 
adhesion level of the coating Was determined by the inden 
tation test as set forth in Thin Solid Films, 154 (1987) 
361—375 Which is also incorporated herein by reference. The 
coating thickness and degree of adhesion using the present 
invention Were similar to that found in physical vapor 
deposition titanium nitride coated cemented carbide sub 
strates. The adhesion level Was determined to be greater than 
or equal to 60 kg. on each sample tested. 

EXAMPLE 2 

Several ceramic metal cutting inserts, styles SNGA-433, 
composed of Kyon 2000 and Kyon 3000 Were individually 
heated in separate test runs for approximately three hours to 
a temperature of approximately 400° C. folloWed by one 
half hour of ion etching at a pressure of approximately 10-3 
torr in a BalZers BAI 830 system. An initial layer of titanium 
Was then coated to the insert surface by applying an arc 
current of approximately 125 amps for a period of approxi 
mately ?ve minutes to the titanium Within the crucible as the 
crucible moved vertically Within the vacuum chamber. Arc 
current Was then raised to approximately 200 Amps and 
immediately nitrogen gas Was then introduced into the 
system for about 85 minutes to form a titanium nitride 
coating on the insert surface. 
The titanium nitride coating thickness Was determined by 

the ball Wear scar thickness test as set forth in Proc. 9th Int. 
Conf. on CVD, Electrochemical Society, Pennington, N.J., 
1984, P. K. Mehrotra, D. T. Quinto and G. J. Wolfe, P. 757, 
Which is incorporated herein by reference. The titanium 
nitride coating thickness Was measured to be approximately 
2—3 micrometers on the ?ank faces. The adhesion level of 
the coating Was determined by the indentation test as set 
forth in Example 1. The adhesion Was inconsistent With 
some ?aking of the coating. The adhesion level Was deter 
mined to be approximately less than or equal to 30 kg due 
to insuf?ciently removed surface contaminants as a result of 
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a shorter heating cycle as Well as insuf?cient titanium layer 
coverage. It is believed that surface contaminants affected 
the application of the titanium layer to the substrate surface 
and in turn the applied electrical biasing of the ion plating 
process. 

EXAMPLE 3 

Several ceramic metal cutting inserts, styles SNGA-433, 
composed of Kyon 2000 and Kyon 3000 Were individually 
heated in separate test runs for approximately four hours to 
a temperature of approximately 400° C. folloWed by one 
half hour of ion etching at a pressure of approximately 10'3 
torr in a BalZers BAI 830 system. An initial layer of titanium 
Was then coated to the insert surface by applying to the 
titanium Within the crucible as the crucible moved vertically 
Within the vacuum chamber an arc current increasing from 
approximately 125 amps to 200 amps over a period of 
approximately tWo minutes and then maintained at 200 amps 
for approximately eight minutes. Nitrogen gas Was then 
introduced into the system for about 80 minutes to form a 
titanium nitride eoating on the insert surface. 

The titanium nitride coating thickness Was determined by 
the ball Wear scar thickness test as set forth in Proc. 9th Int. 
Conf. on CVD, Electrochemical Society, Pennington, N.J., 
1984, P. K. Mehrotra, D. T. Quinto and G. J. Wolfe, P. 757, 
Which is incorporated herein by reference. The adhesion 
level of the coating Was determined by the indentation test 
as set forth in Example 1. The adhesion level Was deter 
mined to be greater than or equal to 60 kg. 

It Will be appreciated that the improved adhesive coating 
including a ?rst layer of titanium and second layer of 
titanium nitride adherently deposited to a ceramic substrate 
such as a cutting insert has been found to reduce ?ank Wear, 
and reduce the coefficient of friction betWeen the cutting 
insert and a ferrous Workpiece material. Moreover, because 
titanium nitride is chemically stable, titanium nitride has 
been found to act as a diffusion barrier betWeen the cutting 
insert and ferrous and nickel-based Workpiece materials 
thereby reducing tool Wear problems as previously 
described. 

EXAMPLE 4 

Several ceramic metal cutting inserts, styles TNG 332T 
composed of approximately 73 v/o A1203 and 27 v/o TiC 
and knoWn under the designation K090 as obtained from 
Kennametal Inc. Were individually heated in separate test 
runs for approximately four hours to a temperature of 
approximately 400° C. folloWed by one-half hour of ion 
etching at a pressure of approximately 10'3 torr in a BalZers 
BAI 830 system. An initial layer of titanium Was then coated 
to the insert surface by applying an arc current of approxi 
mately 125 amps over a period of approximately ?ve 
minutes to the titanium Within the crucible as the crucible 
moved vertically upWard Within the vacuum chamber and 
then applying an arc current of approximately 200 amps for 
approximately ?ve minutes as the crucible moved vertically 
doWnWard Within the vacuum chamber. Nitrogen gas Was 
then introduced into the system for about 80 minutes to form 
a titanium nitride coating on the insert surface. 

Although the thickness of the titanium layer Was too thin 
for optical microscopic measurement, the presence of the 
titanium layer Was observed by a transmission electron 
microscope. The titanium nitride coating thickness Was 
determined by the ball Wear scar thickness test as set forth 
in Proc. 9th Int. Conf. on CVD, Electrochemical Society, 
Pennington, N.J., 1984, P. K. Mehrotra, D. T. Quinto and G. 
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8 
J. Wolfe, P. 757, Which is incorporated herein by reference. 
The titanium nitride coating thickness Was measured to be 
approximately 3 micrometers on the ?ank faces. The adhe 
sion level of the coating Was determined by the indentation 
test as set forth in Thin Solid Films, 154 (1987) 361—375 
Which is also incorporated herein by reference. The coating 
thickness and degree of adhesion using the present invention 
Were similar to that found in physical vapor deposition 
titanium nitride coated cemented carbide substrates. The 
adhesion level Was determined to be greater than or equal to 
45 kg. on each sample tested. 

EXAMPLE 5 

Several ceramic metal cutting inserts, styles SNGA-433, 
having approximately 2.5 v/o SiCW, 10 v/o Zirconia, 0.5 v/o 
magnesia and the remainder A1203 as produced in accor 
dance With US. Pat. No. 4,959,331; Were ground to a ?ne 
surface ?nish, visually evaluated by the use of a die 
penetrant, and the ultrasonically cleaned as previously 
described. The inserts Were then individually heated in 
separate test runs for approximately four hours to a tem 
perature of approximately 400° C. folloWed by one-half 
hour of ion etching at a pressure of approximately 10-3 torr 
in a BalZers BAI 830 system. An initial layer of titanium Was 
then coated to the insert surface by applying an arc current 
of approximately 125 amps over a period of approximately 
?ve minutes to the titanium Within the crucible as the 
crucible moved vertically upWard Within the vacuum cham 
ber and then applying an arc current of approximately 200 
Amps for approximately ?ve minutes as the crucible moved 
vertically doWnWard Within the vacuum chamber. Nitrogen 
gas Was then introduced into the system for about 80 minutes 
to form a titanium nitride coating on the insert surface. 

The titanium nitride coating thickness Was determined by 
the ball Wear scar thickness test as set forth in Proc. 9th Int. 
Conf. on CVD, Electrochemical Society, Pennington, N.J., 
1984, P. K. Mehrotra, D. T. Quinto and G. J. Wolfe, P. 757, 
Which is incorporated herein by reference. The titanium 
nitride coating thickness Was measured to be approximately 
2.6 micrometers on the ?ank faces. The adhesion level of the 
coating Was determined by the indentation test as set forth in 
Example 1. The adhesion level Was determined to be greater 
than or equal to 45 kg. on each sample tested. 

EXAMPLE 6 

Several ceramic metal cutting inserts, styles SNGA-433, 
having approximately 5.0 v/o SiCW, 10 v/o Zirconia, 0.5 v/o 
magnesia and the remainder A1203 as produced in accor 
dance With US. Pat. No. 4,959,331; Were ground to a ?ne 
surface ?nish, visually evaluated by the use of a die 
penetrant, and the ultrasonically cleaned as previously 
described. The inserts Were then individually heated in 
separate test runs for approximately four hours to a tem 
perature of approximately 400° C. folloWed by one-half 
hour of ion etching at a pressure of approximately 10-3 torr 
in a BalZers BAI 830 system. An initial layer of titanium Was 
then coated to the insert surface by applying an arc current 
of approximately 125 amps over a period of approximately 
?ve minutes to the titanium Within the crucible as the 
crucible moved vertically upWard Within the vacuum cham 
ber and then applying an arc current of approximately 200 
Amps for approximately ?ve minutes as the crucible moved 
moved vertically doWnWard Within the vacuum chamber. 
Nitrogen gas Was then introduced into the system for about 
90 minutes to form a titanium nitride coating on the insert 
surface. 
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The titanium nitride coating thickness Was determined by 
the ball Wear scar thickness test as set forth in Proc. 9th Int. 
Conf. on CVD, Electrochemical Society, Pennington, N.J., 
1984, P. K. Mehrotra, D. T. Quinto and G. J. Wolfe, P. 757, 
Which is incorporated herein by reference. The titanium 
nitride coating thickness Was measured to be approximately 
2.6 micrometers on the ?ank faces. The adhesion level of the 
coating Was determined by the indentation test as set forth in 
Example 1. The adhesion level Was determined to be greater 
than or equal to 45 kg. on each sample tested. 

EXAMPLE 7 

Several ceramic metal cutting inserts, styles SNGA-433, 
having approximately 1.5 v/o SiCW, 10 v/o Zirconia, 0.5 v/o 
magnesia and the remainder A1203 as produced in accor 
dance With US. Pat. No. 4,959,331; Were ground to a ?ne 
surface ?nish, visually evaluated by the use of a die 
penetrant, and then ultrasonically cleaned as previously 
described. The inserts Were then individually heated in 
separate test runs for approximately four hours to a tem 
perature of approximately 400° C. folloWed by one-half 
hour of ion etching at a pressure of approximately 10'3 torr 
in a BalZers BAI 830 system. An initial layer of titanium Was 
then coated to the insert surface by applying an arc current 
of approximately 125 amps over a-period of approximately 
?ve minutes to the titanium Within the crucible as the 
crucible moved vertically upWard Within the vacuum cham 
ber and then applying an arc current of approximately 200 
Amps for approximately ?ve minutes as the crucible moved 
moved vertically doWnWard Within the vacuum chamber. 
Nitrogen gas Was then introduced into the system for about 
90 minutes to form a titanium nitride coating on the insert 
surface. 

The titanium nitride coating thickness Was determined by 
the ball Wear scar thickness test as set forth in Proc. 9th Int. 
Conf. on CVD, Electrochemical Society, Pennington, N.J., 
1984, P. K. Mehrotra, D. T. Quinto and G. J. Wolfe, P. 757, 
Which is incorporated herein by reference. The titanium 
nitride coating thickness Was measured to be approximately 
2.6 micrometers on the ?ank faces. The adhesion level of the 
coating Was determined by the indentation test as set forth in 
Example 1. The adhesion level Was determined to be greater 
than or equal to 45 kg. on each sample tested. 

It Will be appreciated that the improved adhesive coating 
including a ?rst layer of titanium and second layer of 
titanium nitride adherently deposited to a ceramic substrate 
such as a cutting insert has been found to reduce ?ank Wear, 
and reduce the coefficient of friction betWeen the cutting 
insert and a ferrous Workpiece material. Moreover, because 
titanium nitride is chemically stable, titanium nitride has 
been found to act as a diffusion barrier betWeen the cutting 
insert and ferrous and nickel-based Workpiece materials 
thereby reducing tool Wear problems as previously 
described. 

The patents and patent applications referred to herein are 
hereby incorporated by reference. 
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Having described presently preferred embodiments of the 

invention, it is to be understood that it may be otherWise 
embodied Within the scope of the appended claims. 
What is claimed is: 
1. Aprocess for the production of a coated nonconductive 

ceramic cutting tool substrate by physical vapor deposition 
in Which said nonconductive ceramic cutting tool substrate 
is positioned Within a vacuum chamber having a titanium 
source and ?lled With an inert gas partially ioniZed and 
excited to a gaseous plasma, said nonconductive ceramic 
cutting tool substrate having a rake face, a ?ank face and a 
cutting edge at the juncture of the rake face, the ?ank face, 
said process comprising: 

(a) cleaning said nonconductive ceramic cutting tool 
substrate rake face, ?ank face and cutting edge for at 
least three hours under a vacuum of approximately 10-3 
torr by heating said substrate to a temperature of at least 
400° C. and ion etching said rake face, said ?ank face 
and said cutting edge; 
Wherein said heating is by high current density electron 

bombardment, 
Wherein a positive potential is placed on said noncon 

ductive ceramic substrate to attract electrons from 
said gaseous plasma to said rake face, said ?ank face 
and said cutting edge; 

(b) depositing a ?rst layer of titanium on said noncon 
ductive ceramic cutting tool substrate rake face, ?ank 
face and cutting edge; and 

(c) depositing a second layer of titanium nitride upon said 
?rst layer to produce a coating having enhanced adhe 
sion on said nonconductive ceramic substrate. 

2. The process for the production of a coated nonconduc 
tive ceramic cutting tool substrate as set forth in claim 1 
Wherein said nonconductive ceramic substrate rake face, 
?ank face and cutting edge are cleaned under said vacuum 
for at least four hours. 

3. The process for the production of a coated nonconduc 
tive ceramic cutting tool substrate as set forth in claim 1 
Wherein said ?rst layer of titanium is deposited for approxi 
mately ten minutes to increase the electrical conductivity at 
said nonconductive ceramic substrate rake face, ?ank face 
and cutting edge. 

4. The process for the production of a coated nonconduc 
tive ceramic cutting tool substrate as set forth in claim 1 
Wherein said titanium nitride is at least 2 microms thick. 

5. The process for the production of a coated nonconduc 
tive ceramic cutting tool substrate as set forth in claim 1 
Wherein said physical vapor deposition process is ion 
plating. 

6. The process for the production of a coated nonconduc 
tive ceramic cutting tool substrate as set forth in claim 1 
Wherein in said ion-etching step a negative potential is 
placed on said nonconductive ceramic substrate to attract 
ions from said gaseous plasma to said nonconductive 
ceramic substrate rake face, ?ank face and cutting edae. 

* * * * * 


